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1
DIFLUOROBENZONITRILE DERIVATIVES

This application is a continuation of application Ser.
No. 07/321,427, filed Mar. 9, 1989, now abandoned.

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is related to commonly assigned
apphications of even date, Ser. Nos. 321,045; 321,426;
and 321,428 each of which is entirely incorporated by
reference herein. | |

SUMMARY OF THE INVENTION

- The invention relates to derivatives 'of 2,3-
difluorobenzonitrile of the formula I

CN

in which |
R 1s an alkyl group having 1-12 C atoms, in which
one or two CH; groups may also replaced by —O—,
—CO—, ~0—CO— and/or —CH=—CH—, where
two O atoms are not directly linked with one another,

and
Als

OO0
0-0-

For the sake of simplicity, in the following Cyc is a
1,4-cyclohexylene group, PF2N is a group of the for-
mula |
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F F

and Phe i1s a 1,4-phenylene group.

The compounds of the formula I can be used as com-
ponents of liquid crystalline phases, in particular for
displays which are based on the principle of the twisted
cell, the guest-host effect, the effect of deformation of
aligned phases or the effect of dynamic scattering.

An important criterion for the multiplex operation of
such cells 15 a small ratio of the anisotropy of the dielec-

‘tric constant to the dielectric constant perpendicular to

the molecular axis, i.e. of Ae/e) (compare, for example,
Gharadjedag)i, F. et al.,, Rev. Phas. Appl. 11, 1976
(467)).

In order to achieve a small Ae/€, conventional sub-
stances having a negative A€ are mixed with substances
having a positive Ae. |

However, it is better to-employ substances which
have a strong transverse dipole in addition to a positive
Ae. A series of liquid crystalline compounds of this type
have already been synthesized, thus, for example, car-
boxylic acid esters of 4-cyano-2(3)-fluorophenol or $-
cyanopyndin-2-yl compounds.

However, the latter in general have disadvantages,
such as, for example, poor solubility in mixtures, high
viscosity, high melting points and chemical instability.
In addition, as a rule, they have a strong tendency to
form smectic phases of higher order. A need therefore
exists for further compounds having positive dielectric
anisotropy combined with a large dielectric constant
perpendicular to the molecular axis which permits the
properties of mixtures for all types of electrooptical
applications to be improved further.

The invention involves the finding of stable liquid
crystalline or mesogenic compounds having a positive
dielectric anisotropy, a large regative transverse dipole
and, at the same time, a low viscosity.

1t has been found that the compounds of the formula
I are excellently suited as components of liquid crystal-
line phases. In particular, stable liquid crystalline phases
having a wide mesophase region and comparatively low
viscosity can be prepared with their aid.

With the preparation of the compounds of the for-
mula I, the range of liquid crystalline substances which
are suitable under various industrial application stand-
points for the preparation of liquid crystalline mixtures
is in addition very generally considerably widened.

The compounds of the formula I have a wide range of
application. Depending on the choice cf substituents,
these compounds can be used as base materials of which
liquid crystalline phases are, for the prodominant part,

‘compased; however, liquid crystalline base materials

from other classes of compounds can also be added to
compounds of the formula I, in order, for example, to
vary the dielectric and/or optical anisotropy and/or the
viscosity and/or the spontaneous polarization and/or
the phase ranges and/or the tilt angle and/or the pitch
of such a dielectric.

The compounds of the formula I are in addition suit-
able as intermediates for the preparation of other sub-
stances which can be used as constituents of liquid crys-
talline dielectrics.
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The compounds of the formula I are colorless in the

pure state and form liquid crystallines mesophases in a _

temperature range which 1s placed favorably for elec-
trooptical use. They are very stable chemically, ther-
mally and towards light.

The invention therefore relates to the compounds of
the formula L

Furthermore, the invention relates to the use of the
compounds of the formula 1 as components of liquid
crystalline phases. The invention in addition relates to
liquid crystalline phases containing at least one com-
pound which contains a 2,3-difluoro-4-cyanophenyl
radical as a structure element, in particular a compound
of the formula I, and also liquid crystal display elements
which contain phases of this type. Phases of this type
have particularly advantageous elastic constants and are
particularly suitable on account of their low Ae/e¢)
values for TFT mixtures.

The compounds of the formula I accordingly include
compounds having two rings of the sub-formulae Ia to

Ic:
R—Phe--PF2N Ia
R—Cyc—PF2N Ib

R—Cyc—CH;CH»—PF3;N Ic

and compounds having three rings of the sub-formulae
Id to Ih:

R—Phe—Phe—PF2N Id
R—Cyc—Cyc—PF2N Ie
R—Cyc—CH>CH>—Cyc—PF2N If
R—Cy;—CHzO—-—Phe-—PFZN Ig
R—Cyc—CHyCH—Phe—PF2N Ih

In the compounds of the formulae above and below,
R 1s preferably alkyl, and in addition alkoxy.

R in the formulae above and below preferably has
2-10 C atoms, in particular 3-7 C atoms. One or two
CHj; groups in R can also be replaced. Preferably, only
one CHj; group is replaced by —O—, —CO— or
~CH=CH~-, in particular by —O— or —O—CO—.

In the formulae above and below, R is preferably
alkyl, alkoxy or another oxaalkyl group, and in addition
also alkyl groups in which one or more CHj; groups can
be replaced by a grouping selected from the group
comprising —O—, —O0—CO—, —CH=—CH— or else
by a combination of two suitable groupings, in which
two heteroatoms are not directly linked with one an-
other.

If R 1s an alkyl radical in which one (“alkoxy” or
“oxaalkyl”’) or two (“alkoxyalkoxy” or “dioxaalkyl”)
non-adjacent CH> groups can also be replaced by O
atoms, then this can be linear or branched. Preferably, it
1s inear, has 2, 3, 4, 5, 6 or 7 C atoms and is therefore
preferably ethyl, propyl, butyl, pentyl, hexyl, heptyl,
ethoxy, propoxy, butoxy, pentoxy, hexoxy or heptoxy,
and in addition methyl, octyl, nonyl, decyl, undecyl,
dodecyl, tridecyl, tetradecyl, pentadecyl, methoxy,
octoxy, nonoxy, decoxy, undecoxy, dodecoxy, tride-
COXy or tetradecoxy. |

Oxaalkyl 1s preferably linear 2-oxypropyl (=methox-
ymethyl), 2- (=ethoxymethyl) or 3-oxabutyl (=2-
methoxyethyl), 2-, 3- or 4-oxapentyl, 2-, 3-, 4- or 5-
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oxahexyl, 2-, 3-, 4-, 5- or 6-oxaheptyl. 2-, 3-, 4-, 5-, 6- or
7-oxaoctyl, 2-, 3-, 4-, 5-, 6-, 7- or 8-oxanonyl, 2-, 3-, 4-,
5-, 6-, 7-, 8- or 9-oxadecyl, 1,3-dioxabutyl (=methox-
ymethoxy), 1,3-, 1,4, 1,5-, 2,4-, 2,5-, or 3,5-dioxadexyl,
pentyl, 1,3-, 1,4-, 1,5-, 2,4-, 2,5- or 3,5-dioxahexyl, or
1,3-, 1,4-, 1,5-, 1,6-, 2,4-, 2,5-, 2,6-, 3,5-, 3,6-0or 4,6-diox-
aheptyl.

If R is an alkyl radical in which one CH; group

-CH=CH-, it can be linear or branched. Preferably, it
15 linear and has 2 to 10 C atoms. It is therefore particu-
larly vinyl, prop-1- or -2-enyl, but-1-, -2- or -3-enyl,
pent-1-, -2-, -3- or 4-enyl, hex-1-, -2, -3-, -4- or -5-enyl,
hept-1-, -2-, -3-, -4-, -5- or -6-eny], oct-1-, -2-, -3-, -4-, -5,
-6- or -7-enyl, nonl-, -2-, -3-, 4-, -5-, -6-, -7- or -8-enyl,
or dec-1-, -2-, -3-, 4-, -5-, -6-, -7-, -8- or -9-enyl.

If R 1s an alkyl radical in which one CHj; group is
replaced by —O—CO— or —CO—QO—, this can be
linear or branched. Preferably, it is linear and has 2 to 6
C atoms. It 1s therefore particularly acetyloxy, propio-
nyloxy, butyryloxy, pentanoyloxy, hexanoyloxy, acety-
loxymethyl, propionyloxymethyl, butyryloxymethyl,
pentanoyloxymethyl, 2-acetyloxyethyl, 2-propionylcx-
yethyl, 2-butyryloxyethyl, 3-acetyloxypropyl, 3-pro-
pionyloxypropyl, 4-acetyloxybutyl, methoxycarbonyl,
ethoxycarbonyl, propoxycarbonyl, butoxycarbonyl,
pentoxycarbonyl, methoxycarbonylmethyl, ethoxycar-
bonylmethyl, propoxycarbonylmethyl, butoxycar-
bonylmethyl, 2-(methoxycarbonyl)ethyl, 2-(ethoxycar-
bonyl)ethyl, 2-(propoxycarbonyl)ethyl, 3-(methoxycar-
bonyl)propyl, 3-(ethoxycarbonyl)propyl or 4-(methox-
ycarbonyl)-butyl. |

Compounds of the formula I having branched end
groups R may occasionally be of importance on account
of better solubility in the customary liquid crystalline
base materials, but in particular as chiral doping sub-
stances, if they are optically active. Smectic compounds
of this type are suitable as components for ferroelectric
materials.

Branched groups of this type as a rule contain not
more than one chain branching. Preferred branched
radicals R! are isopropyl, 2-butyl (= 1-methylpropyl),
isobutyl (=2-methylpropyl), 2-methylbutyl, isopentyl
(=3-methylbutyl), 2-methylpentyl, 3-methylpentyl,
2-ethylhexyl, 2-propylpentyl, isopropoxy, 2-methyl-
propoxy, 2-methylbutoxy, 3-methylbutoxy, 2-methyl-
pentoxy, 3-methylpentoxy, 2-ethylhexoxy, 1-methyl-
hexoxy, l-methylheptoxy, 2-oxa-3-methylbutyl, 3-oxa-
4-methylpentyl, 4-methylhexyl, 2-nonyl, 2-decyl, 2-
dodecyl, 6-methyloctoxy, 6-methyloctanoyloxy, 5-
methylheptyloxycarbonyl, 2-methylbutyryloxy, 3-
methylvaleryloxy, 4-methylhexanoyloxy, 2-chloropro-
pionyloxy, 2-chloro-3-methylbutyryloxy, 2-chloro-4-
methylvaleryloxy, 2-chloro-3-methylvaleryloxy, 2-
methyl-3-oxapentyl or 2-methyl-3-oxahexyl.

If R represents an alkyl radical in which two or more
CH; groups are replaced by —O— and/or —CO—0O—,
this can be linear or branched. Preferably, it is branched
and has 3 to 12 C atoms. It is therefore particularly
bis-carboxy-methyl, 2,2-bis-carboxy-ethyl, 3,3-bis-car-
boxy-propyl, 4,4-bis-carboxy-butyl, 5,5-bis-carboxy-
pentyl, 6,6-bis-carboxy-hexyl, 7,7-bis-carboxy-heptyl,
8,8-bis-carboxy-octyl, 9,9-bis-carboxy-nonyl, 10,10-bis-
carboxy-decyl, bis-(methoxycarboryl)-methyl, 2,2-bis-
(methoxycarbonyl)-ethyl, 3,3-bis-(methoxycarbonyl)-
propyl, 4,4-bis-(methoxycarbonyl)-butyl, 5,5-bis(me-
thoxycarbonyl)-pentyl, 6,6-bis-(methoxycarbonyl)-
hexyl, 7,7-bis-(methoxycarbonyl)-heptyl, 8,8-bis-(me-
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thoxycarbonyl)-octyl, bis-(methoxycarbonyl)-methyl,

2,2-bis(ethoxycarbonyl)-ethyl, 3,3-bis-(ethoxycar-
bonyl)-propyl, 4,4-bis-(ethoxycarbonyl)-butyl or §5,5-
bis-(ethoxycarbonyl)-pentyl.

Compounds of the formula I which have end groups
R suitable for polycondensation available are suitable
for the preparation of liquid crystalline polyconden-
sates.

Formula I includes both the racemates of these com-
pounds and the optical antipodes as well as mixtures
thereof.

Amongst the compounds of the formulae I and also Ia
to Ie, those are preferred in which at least one of the
radicals contained therein has one of the meamngs indi-
cated as preferred.

A smaller group of preferred compounds of the for-
mula I are those of the sub-formulae 11 to 123:

6

variants which are known per se and which are not
mentioned in more detail here.

If desired, the starting materials may also be formed
in situ in such a way that they are not isolated from the
reaction mixture but immediately reacted further to
give the compounds of the formula I.

Compounds of the formula I are preferably prepared

- from compounds of the formula II
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in which R and A have the meaning indicated and X is
H, Cl, CHO or COOH. |

Difluorobenzene derivatives of the formula II (X
=H) can be deprotonated in a manner known per se
using organometallic compounds or base systems (for
example, according to A.M. Roe et al., J. Chem. Soc.
Chem. Comm. 22, 582 (1965)).

The correspondmg lithium compounds may be for-
mulated using formamides, such as dimethylformamide
or N-formylpiperidine (X=CHO), carboxylated using
carbon dioxide (X =COOH) or reacted directly to give
the compounds of the formula I using cyanogen chlo-
ride or cyanogen bromide.

The formyl compounds of the formula II are con-
verted in a manner known per se into the nitriles of the
formula I (for example J. Streith et al., Helv. Acta 59,

2786 (1976)).

Suitable organometallic compounds are particularly
organolithiums, such as, for example, n-, tert- or sec.-
butyllithium or methyllithium 1in an inert solvent, for
example an ether such as tetrahydrofursn, dioxane or
tert.-butyl methyl ether, a hydrocarbon such as hexane,
benzene or toluene or a mixture of these solvents. Pref-
erably, complexing agents, for example amines such as
tetramethylethylenediamine (TMEDA) or amides such
as hexamethylphosphoric triamide (HMPT) or N,H-
dimethylpropyleneurea (DMPH) are added to these
solvents

Usually, the reaction temperature is between —120°
C. and —10° C, preferably between —100° C. and
—50° C.

- At these temperatures, the deprotonation reactions
are complete, as a rule, after 1 to 10 hours.

Furthermore, the compounds of the formula I are
preferably prepared by reaction of organotitanium or

- organozinc with 4-bromo(chloro)-2,3-difluorobenzoni-

55

Alkyl-Phe-PF2N i §
AIkmy-Phe—PI-?N 12
Alkanayloxy—Phc-PFZN I3
Alkoxycarbonyl-Phe-PF2N 14
Alkyl-Cyc-PF2N . IS
Alkoxy-Cyc-PF2N IIG .
Alkanoyloxy-Cyc-PF2N I7
Alkoxycarbonyl-Cyc-PF2N 18
Alkyl-Cyc-CHZCHg-PFZN 19
Alkoxy-Cyc-CH,CH5-PF2N 110
Alkanoylﬁxy.-Cyc-CHQCHz-PF2N I11
Alkoxycarbonyl-Cyc-CH;CH>-PF2N 112
Alkyl-Phe-Phe-PF2N I3
Alkoxy-Phe-Phe-PF2N 114
Alkanoyloxy-Phe-Phe-PF2N I15
Alkoxycarbonyl-Phe-Phe-PF2N 116
Alkyl-Cyc-Cyc-PF2N 117
Alkoxy-Cyc-Cyc-PF2N 118
Alkannyloxy-Cyc-Cyc-PFZN 119
Alkoxycarbonyl-Cyc-Cyc-PF2N 120
Alkyl-Cyc-CH2CH3-Cyc-PF2N 121
Alkyl-Cyc-CH70-Phe-PF2N 122
Alkyl-Cyc-CH2CH;-Phe-PF2N 123

The compounds of the formula I are prepared ac-
cording to methods which are known per se. as are
described in the literature (for example in the standard
works such as Houben-Weyl, Methoden der O.ganisc-
hen Chemie (Methods of Organic Chemistry), Georg-
Thieme-Verlag, Stuttgart), particularly under reaction
conditions which are known and suitable for the reac-
tions mentioned. In this way, use can also be made of

65

trile under metal catalysis (compare, for example, DE
3,736,489/3,632,410).

The compounds of the formula I may also be pre-
pared by reducing a compound, which otherwise corre-
sponds to the formula I, but contains one or more reduc-
ible groups and/or C—C bonds instead of H atoms.

Possible reducible groups are preferably carbonyl
groups, in particular keto groups, and in addition, for

‘example, free or esterified hydroxyl groups or aromati-

cally bonded halogen atoms. Preferred starting materi-
als for the reduction correspond to the formula I, but
may contain a cyclohexene ring or cyclohexanone ring
instead of a cyclohexane ring and/or a —CH-—=CH—
group instead of a —CH>CH;— group and/or a
—CO— group instead of a —CHy— group and/or a

free or a functionally derived (for example in the form
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of its p-toluenesulfonate) OH group instead of an H
atom.

The reduction may be carried out, for example, by
catalytic hydrogenation at temperature: between about
0° and about 200° and pressures between about 1 and
200 bar in an inert solvent, for example an alcohol such
as methanol, ethanol or isopropanol, an ether such as
tetrahydrofuran (THF) or dioxane, an ester such as
ethyl acetate, a carboxylic acid such as acetic acid or a
hydrocarbon such as cyclohexane. Suitable catalysts are
preferably noble metals such as Pt or Pd, which can be
employed in the form of oxides (for example PtO,,
PdO), on a support (for example Pd on carbon, calcium
carbonate or strontium carbonate) or in finely divided
form.

Ketones may also be reduced by the methods of
Clemmensen (using zinc, amalgamated zinc or tin and
hydrochloric acid, preferably in agueous-alcoholic solu-
tion or in the heterogeneous phase with water/toluene

at temperatures between about 80° and 120°) or Wolff-
Kishner (using hydrazine, preferably in the presence of
alkali such as KOH or NaOH in a high-boiling solvent
such as diethylene glycol or triethylene glycol at tem-
peratures between about 100 and 200°) to give the cor-
responding compounds of the formula I, which contain
alkyl groups and/or —CH;CH,— bridges.

Furthermore, reductions using complex hydrides are
possible. For example, arylsulfonyloxy groups may be
removed reductively using LiAlH4, in particular
ptoluenesulfonyloxymethyl groups may be reduced to
give methyl groups, preferably in an inert solvent such
as diethyl ether or THF at temperatures between about
0 and 100°. Double bonds may be hydrogenated (even
in the presence of CN groups) using NaBHj or tributyl-
tin hydride in methanol.

In order to prepare nitriles of the formula I, corre-
sponding acid amides can be dehydrated. The amides
are obtainable, for example, from appropriate esters or
acid halides by reaction with ammonia. Suitable wa-
tereliminating agents are, for example, inorganic acid

chlorides such as SOCly, PCly PCls POCI3 SO,Cl; -

COCly, and 1n addition P05, P2Ss, AICl3 (for example as
the double compound with NaCl), aromatic sulfonic
acids and sulfonyl halides. In this way, the reaction can
be carned out in the presence or absence of an inert
solvent at temperatures between about 0° and 150°;
possible solvents are, for example, bases such as pyri-
dine or triethylamine, aromatic hydrocarbons such as
benzene, toluene or xylene, or amides such as DMF.

In order to prepare the previously mentioned nitriles
of the formula I, appropriate acid halides, preferably the
chlorides, can also be reacted with sulfamide, prefera-
bly 1n an inert solvent such as tetramethylene sulfone at
temperatures between about 80° and 150°, preferably at
120°. After customary working up, the nitriles can be
1solated directly.

‘The liquid crystalline media according to the inven-
tion preferably contain 2 to 40, in particular 4 to 30,
components as further constituents in addition to one or
more compounds according to the invent on. These
media very particularly preferably contain 7 to 25 com-
ponents in addition to one or more compounds accord-
ing to the invention. These additional constituents are
preferably selected from nematic or nematogenic (mon-
otropic or isotropic) substances, in particular substances
from the classes of the azoxybenzenes, benzylideneani-
lines, biphenyls, terphenyls, phenyl or cyclohexyl ben-
zoates, phenyl or cyclohexyl cyclohexane-carboxylates,
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phenyl or cyclohexyl esters of cyclohexylbenzoic acid,
phenyl or cyclohexyl esters of cyclohexylcyclohex-
anecarboxylic acid, cyclohexyiphenyl esters of benzoic
acid, of cyclohexanecarboxylic acid, or of cyclohexyl-
cyclohexanecarboxylic acid, phenylcyclohexanes, cy-
clohexylbiphenyls, phenylcyclohexylcyclohexanes, cy-
clohexylcyclohexanes, cyclohexylcyclohexenes, cy-
clohexylcyclohexylcyclohexenes, 1,4-bis-cyclohexyl-
benzenes, 4,4'-bis-cyclocyclohexylbiphenyls, phenyl- or
cyclohexylpyrimidines, phenylor cyclohexylpyridines,
phenyl- or cyclohexyldioxanes, phenyl- or cyclohexyl-
1,3-dithianes, 1,2-diphenylethanes, 1,2-dicyclohexyle-
thanes, 1-phenyl-2-cyclohexylethanes, I-cyclohexyl-2-
(4-phenyl-cyclohexyl)-ethanes, l-cyclohexyl-2-
biphenylylethanes, 1-phenyl-2-cyclohexylphenyle-
thanes, optionally halogenated stilbenes, benzyl phenyl
ethers, tolans and substituted cinnamic acids. The 1,4-
phenylene groups in these compounds can also be fluo-
rinated. |

The most important compounds suitable as further
constituents of the media according to the invention can
be characterized by the formulae 1, 2, 3, 4 and 5:

R'—L—E—R" 1
R'—L—-COO—E—R" . 2
R'—L—0O0OC—E—R" 3
R'—L—CH,CH;—E—R" 4
R'—L—C=C—E—R" 3

In the formulae 1, 2, 3, 4 and 5, L. and E, which can
be identical or different, are in each case independently
of one another a bivalent radical from the group formed
by -Phe-, -Cyc-, -Phe-Phe-, -Phe-Cyc-, -Cyc-Cyc-,
-Pyr-, -Di10o-, -G-Phe- and -G-Cyc- and their mirror
images, where Phe is 1,4-phenylene which is unsubsti-
tuted or substituted by fluorine, Cyc is trans-1,4-
cyclohexylene or 1,4-cyclohexenylene, Pyr is pyrimi-
dine-2,5-diyl or pyridine-2,5-diyl, Dio is 1,3-dioxane-
2,5-d1yl and G 1is 2-(trans-1,4-cyclohexyl)-ethyl, pyrimi-
dine-2,5-diyl, pyridine-2,5-diyl or 1,3-dioxane-2,5-diyl.

Preferably, one of the radicals L. and E is Cyc, Phe or
Pyr. E 1s preferably Cyc, Phe or Phe-Cyc. Preferably,
the media according to the invention contain one or
more components selected from the compounds of the
formulae 1, 2, 3, 4 and 5, in which L and E are selected
from the group comprising Cyc, Phe and Pyr and, at the
same time, one or more components selected from the
compounds of the formulae 1, 2, 3, 4 and §, in which one
of the radicals L and E is selected from the group com-
prising Cyc, Phe and Pyr and the other radical is se-
lected from the group comprising -Phe-Phe-, ~-Phe-Cyc-
, “Cyc-Cyc-, -G-Phe-and -G-Cyc-, and, if desired, one
or more components selected from the compounds of
the formulae 1, 2, 3, 4 and 5, in which the radicals L and
E are selected from the group comprising -Phe-Cyc-,
-Cyc-Cyc-, -G-Phe- and -G-Cyc-.

R’ and R” in the compounds of the sub-formulae 1q,
24, 3a, 4a and Sa are in each case independently of one
another alkyl, alkenyl, alkoxy, alkenyloxy or al-
kanoyloxy having up to 8 carbon atoms. In most of
these compounds, R’ and R"” are different from one
another, one of these radicals usually being alkyl or
alkenyl. In the compounds of the sub-formulae 15, 25,
3b, 4b and 5b, R" is —CN, —CF;j, F, Cl or —NCS: in
this case R has the meaning indicated in the compounds



5,211,878

9

of the sub-formulae 1a to 5a and is preferably alkyl or
alkenyl. However, other variants of the substituents
proposed 1n the compounds of the formulae 1, 2, 3, 4
and 5 are also customary. Many of these substances or
else mixtures thereof are commercially available. All
these substances are obtainable by methods known in
the literature or in analogy thereto. -

The media according to the invention preferably also
contain, in addition to components from the group of
compounds lg, 2a, 3a, 4a and 5a (group 1), components
from the group of compounds 15, 2b, 3b, 4b and 5b
(group 2), the proportions of which are preferably as
follows: group 1: 20 to 90%, in particular 30 to 90%,
group 2: 10 to 80%, in particular 10 to 50%, the sum of
the proportions of the compounds according to the
invention and the compounds from the groups 1 and 2
being up to 100%.

The media according to the invention preferably
contain 1 to 40%, particularly preferably 5 to 30% of

compounds according to the invention. Furthermore,

media are preferred which contain more than 40%, in

10

EXAMPLES
Example_ 1

Preparation of
4-alkyl-4'-cyano-2',3'-difluorobiphenylene

(a) 1-(4-Pentylc_ycldhex-1-enyl)-2,3-diﬂuorobenzene

A solution of 0.525 mol of n-butyllithium in 320 mi of
hexane is added at —78° C. to a mixture of 0.5 mol of

0 1,2-difluorobenzene, 1,000 ml of tetrahydrofuran and

15

20

particular 45 to 90% of compounds according to the

invention. The media preferably contain three, four or
five compounds according to the invention.

The preparation of the media according to the inven-

tion is carried out in a manner customary per se. As a
rule, the components are dissolved in one another, pref-
erably at elevated temperature. By means of suitable
additives, the liquid crystalline phases according to the
- invention can be modified so that they can be used in all
types of liquid crystal display elements which have so
far been disclosed. Additives of this type are known to
the person skilled in the art and are described in detail in
the literature (H. Kelker/R. Hatz, Handbook of Liquid
Crystals, Verlag Chemie, Weinheim, 1980). For exam-
ple, pleochroitic dyes may be added to prepare colored
guest-host systems or substances may be added to
change the dielectric anisotropy, the viscosity and/or
the orientation of the nematic phases.

Without further elaboration, it is believed that one
skilled in the art can, using the preceding description;
uttlize the present invention to its fullest extent.

The following preferred specific embodiments are,
therefore, to be construed as merely illustrative, and not
hmitative of the remainder of the disclosure in any way
whatsoever. .

In the foregoing and in the following examples, all
temperatures are set forth uncorrected in degrees Cel-
stus and unless otherwise indicated, all parts and per-
centages are by weight.

The entire texts of all applications, patents and publi-
cations, if any, cited above and below, and of corre-
sponding application West German P 38 07 806.6, filed
Mar. 10, 1988, are hereby incorporated by reference.

“Customary working up” means: water is added, the
mixture 15 extracted with methylene chloride, the or-
ganic phase is separated off, dried and evaporated, and
the product is punﬁed by crystallization and/or chro-
matography.

In addition: C means crystalline/solid state, S means
smectic phase (the index distinguishes the phase type),
N means nematic state, Ch means cholesteric phase, I
 means isotropic phase. The number standing between
two symbols indicates the conversion temperature in
degrees Celsius. m.p.=melting point, c.p.=clear point.

25
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‘clohex-1-enyl)-2,3-difluorophenyllithium

0.5 mol of tetramethylethylenediamine. After stirring
for 3 hours at —60° C.,, 0.525 mol of 4-pentylcyclohexa-
none, dissolved in 100 ml of tetrahydrofuran, is added
dropwise and the mixture is allowed to warm slowly to
room temperature. The alcoho! obtained after neutral-
ization 1s dissolved without purification in 250 ml of
toluene and heated in a water separator with 2 g of
ptoluenesulfonic acid for 3 hours. Customary working
up gives l-(4-pentylcyclohex-1-enyl)-2,3-difluoroben-
zene having a boiling point of 123° C./0.5 torr.
Analogously, 4-(4-propylphenyl)-cyclohexanone as a
starting  material gives  1-(4-(4-propylphenyl)-
cyclohex1l-enyl)-2,3-difluorobenzene.

) |
4-(4-Pentylcyclohex-1-enyl)-2,3-difluorobenzaldehyde

0.12 mol of N-formylpiperidine in 20 m] of tetrahy-
drofuran is added at -70° C. to 0.1 mol of 4-(4-pentylcy-
(prepared
from the benzene with n-butyllithium in tetrahy-
drofuran/tetramethylethylenediamine analogously to
Example 1a)) and the mixture is warmed to —20° C.
during the course of 1 hour. Acidifying and customary
working up gives the aldehyde. |

(c) 4-(4-Pentylcyclohex-1-enyl)-2,3-difluorobenzonitrile

' A mixture of 0.12 mol of hydroxylamine-O-sulfonic
acid and 50 ml of water is added at 30° C. to a mixture

- of 0.1 mol of the aldehyde and 100 ml of water. After

stirring for 1 hour at room temperature, the mixture is
warmed to 65° C. for 2 hours. Cooling and customary
working up gives the nitrile as a white solid. d) Oxida-
tton using  2,3-dichloro-5,6-dicyanobenzoquinone
(DDQ)

0.2 mol of DDQ 1s added to a mixture of 0.1 mol of
the cyclohexene derivative from Example 1¢) and 200
m] of toluene and the mixture is heated to boiling for 2
hours. Cooling and customary working up give 4-pen-
tyl-4'-cyano-2’,3'-difluorobiphenyl.

The following are prepared analogously:
4-ethyl-4’-cyano-2',3’-difluorobiphenyl

~ 4-propyl-4’-cyano-2’,3'-difluorobiphenyl

33

65

4-butyl-4’-cyano-2',3'-difluorobiphenyl
4-hexyl-4'-cyano-2',3'-difluorobiphenyl
4-heptyl-4'-cyano-2',3'-difluorobiphenyl
4-octyl-4’-cyano-2’,3'-difluorobiphenyl
4-ethoxy-4'-cyano-2’,3'-difluorobiphenyl
4-propoxy-4'-cyano-2’,3'-difluorobiphenyl
4-butoxy-4'-cyano-2',3'-difluorobiphenyl
4-pentoxy-4'-cyano-2',3'-difluorobiphenyl
4-hexoxy-4'-cyano-2',3'-difluorobiphenyl
4-heptoxy-4'-cyano-2',3'-difluorobiphenyl
4-octoxy-4'-cyano-2',3'-difluorobiphenyl]
4"'-ethyl-4-cyano-2,3-difluoroterphenyl

4" -propyl-4-cyano-2,3-difluoroterphenyl
4"-butyl-4-cyano-2,3-difluoroterphenyl
4"-pentyl-4-cyano-2,3-difluoroterphenyl



5,211,878

11
4"-hexyl-4-cyano-2,3-difluoroterphenyl
4”-heptyl-4-cyano-2,3-difluoroterphenyl
4”-octyl-4-cyano-2,3-difluoroterphenyl
4"-ethoxy-4-cyano-2,3-difluoroterphenyl
4”-propoxy-4-cyano-2,3-difluoroterphenyl
4" -butoxy-4-cyano-2,3-difluoroterphenyl
4”-pentoxy-4-cyano-2,3-difluoroterphenyl
4”-hexoxy-4-cyano-2,3-difluoroterphenyl
4”-heptoxy-4-cyano-2,3-difluoroterphenyl
4"-octoxy-4-cyano-2,3-difluoroterphenyl
4-(trans-4-ethylcyclohexylmethoxy)-4'-cyano-2',3'-

difluorobiphenyl
4-(trans-4-propylcyclohexylmethoxy)-4'-cyano-2',3'-
difluorobiphenyl
4-(trans-4-butylcyclohexylmethoxy)-4'-cyano-2',3'-
difluorobiphenyl
4-(trans-4-pentylcyclohexylmethoxy)-4'-cyano-2',3'-
difluorobiphenyl -
4-(trans-4-hexylcyclohexylmethoxy)-4'-cyano-2’,3'-
difluorobiphenyl
4-(trans-4-heptylcyclohexylmethoxy)-4’-cyano-2’,3'-
difluorobiphenyl
4-(trans-4-octylcyclohexylmethoxy)-4'-cyano-2’,3'-
difluorobiphenyl
1-(4’-cyano-2',3'-difluorobiphenyl-4-yl)-2-(trans-4-
ethylcyclohexyl)-ethane
1-(4'-cyano-2’,3'-difluorobiphenyl-4-yl)-2-(trans-4-
propylcyclohexyl)-ethane
1-(4'-cyano-2',3'-difluorobiphenyl-4-y1)-2-(trans-4-
butylcyclohexyl)-ethane |
1-(4'-cyano-2',4'-difluorobiphenyl-4-yl)-2-(trans-4-pen-
tylcyclohexyl)-ethane
1-(4'-cyano-2',4'-difluorobiphenyl-4-yl)-2-(trans-4-hex-
ylcyclohexyl)-ethane
1-(4'-cyano-2’ ,4'-difluorobiphenyl-4-yl)-2-(trans-4-hep-
tylcyclohexyl)-ethane
1-(4’-cyano-2',3'-difluorobiphenyl-4-yl)-2-(trans-4-
octylcyclohexyl)-ethane

Example 2
Preparation of 4-cyclohexyl-2,3-difluorobenzonitriles

A mixture of 0.1 mol of 4-(4-pentylcyciohex-1-enyl)-
2,3-difluorobenzonitrile (prepared according to Exam-
ple la)-1¢)), 1.0 g of palladium/active carbon (1%) and
150 ml of toluene is hydrogenated to saturation at room
temperature. After ﬁltering and removing the solvent,
the residue is dissolved in 150 ml of dimethyl sulfoxide,
12 g of potassium tert.-butoxide are added and the mix-
ture is stirred at room temperature for 2 hours. Acidify-
ing and customary working up gives 4—(trans-4—pentyl-
cyclohexyl)-2,3-difluorobenzonitrile.

‘The following are prepared analogously:
4-(trans-4-ethylcyclohexyl)-2,3-difluorobenzonitrile
4-(trans-4-propylcyclohexyl)-2,3-difluorobenzonitrile
4-(trans-4-butylcyclohexyl)-2,3-difluorobenzonitrile
4-(trans-4-hexylcyclohexyl)-2,3-difluorobenzonitrile
4-(trans-4-heptylcyclohexyl)-2,3-difluorobenzonitrile
4-(trans-4-octylcyclohexyl)-2,3-difluorobenzonitrile
4-(trans-4-ethoxycyclohexyl)-2,3-difluorobenzonitrile
4-(trans-4-propoxycyclohexyl)-2,3-difluorobenzonitrile
4-(trans-4-butoxycyclohexyl)-2,3-difluorobenzonitrile
4-(trans-4-pentoxycyclohexyl)-2,3-difluorobenzonitrile
4-(trans-4-hexoxycyclohexyl)-2,3-difluorobenzonitrile
4-(trans-4-heptoxycyclohexyl)-2,3-difluorobenzonitrile
4-(trans-trans-4-ethylbicyclohexyl-4'-y1)-2,3-

difluorobenzonitrile
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4.(trans-trans-4-propylbicyclohexyl-4'-yl)-2, 3-
difluorobenzonitrile
4-(trans-trans-4-butylbicyclohexyl-4'-yl)-2,3-
difluorobenzonitrile |
4-(trans-trans-4-pentylbicyclohexyl-4'-yi)-2,3di-
fluorobenzonitrile
4-(trans-trans-4-hexylbicyclohexyl-4'-yl)-2,3-
~ difluorobenzonitrile
4-(trans-trans-4-heptylbicyclohexyl-4'-yl)-2,3-
difluorobenzonitrile
4-(trans-trans-4-octylbicyclohexyl-4'-yl)-2,3-
difluorobenzonitrile
4—[trans-d-(trans#—ethylcyclohexylethy])cyclohexyl]-
2,3-difluorobenzonitrile
4-[trans-4-(trans-4-propylcyclohexylethyl)cyclohexyl]-
2,3-difluorobenzonitrile
4-[trans-4-(trans-4-butylcyclohexylethyl)cyclohexyl]-
2,3-difluorobenzonitrile
4-[trans-4-(trans-4-pentylcyclohexylethyl)cyclohexyl]-
2,3-difluorobenzonitrile |
4-[trans-4-(trans-4-hexylcyclohexylethyl)cyclohexyl]-
2,3-difluorobenzonitrile
4-[trans-4-(trans-4-heptylcyclohexylethyl)cyclohexyl]-
- 2,3-difluorobenzonitrile
4-[trans-4-(trans-4-octylcyclohexylethyl)cyclohexyl]-
2,3-difluorobenzonitrile

Example 3

Preparation of
4-(2-(trans-4-alkylcyclohexyl)-ethyl)2,3-difluoroben-
zonitriles

(a) |
1-(2,3-Difluorophenyl)-2-trans-4-pentylcyclohexyl)e-
thane

A solution of 0.21 mol of n-butyllithium in 130 ml of
hexane 1s added at —100° C. to a mixture of 0.25 mol of
1,2-difluorobenzene, 0.20 mol of potassium tert.-butox-
ide and 200 ml of tetrahydrofuran. After stirring for 10
minutes, a mixture of 0.2 mol of 2-(trans-4-pentylcy-
clohexyl)-ethyl iodide, 0.2 mol of dimethylamino-
propyleneurea and 50 ml of tetrahydrofuran is added at
—90° C. to the mixture. Stirring for 1 hour at —40° C.

‘and customary working up gives the ethane derivative

having a boiling point of 135° C./0.5 torr and, in addi-
tion, a little 1,4-di-(2-trans-4-pentylcyclo-hexyl)ethyl)-
2,3-difluorobenzene as a by-product having C 64° C. N
106 7° 1.

(b)

~ 4-(2-(Trans-4-pentylcyclohexyl)-ethyl)-2,3-difluoroben-

55

60

65

zonitrile.

0.1 mol of the ethane derivative is deprotonated ac-
cording to Example 1a), formulated according to Ex-
ample 15) and reacted with 0.12 mol of hydroxylamine-
O-sulfonic acid according to Example 1c). Customary
working up gives the nitrile as a colorless solid, C 38° N
(16.3°) 1.

The following are prepared analogously:
4-(2-(trans-4-ethylcyclohexyl)-ethyl)-2,3-difluoroben-

zonitrile
4-(2-(trans-4-propylcyclohexyl)-ethyl)-2,3-difluoroben-

zonitrile
4-(2-(trans-4-butylcyclohexyl)-ethyl)-2,3-difluoroben-
zonitrile

- 4-(2-(trans-4-hexylcyclohexyl)-ethyl)-2,3-difluoroben-

zonitrile
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4-(2-(trans-4-heptyicyclohexyl)-ethyl)-2,5-difluoroben-
zonitrile
4-(2-(trans-4-octylcyclohexyl)-ethyl)-2, 3-d1ﬂuoroben-
zonitrile
4-(2-(trans-4-ethoxycyclohexyl)-ethyl)-2,3-difluoroben- 3
zonitrile
4-(2-(trans-4-propoxycyclohexyl)-ethyl)-2,3-
difluorobenzonitrile |
4-(2-(trans-4-butoxycyclohexyl)-ethyl)-2,3-difluoroben-
zonitrile |
4-(2-(trans-4-pentoxycyclohexyl)-ethyl)-2,3-
difluorobenzonitrile
4-(2-(trans—4-hexoxycyclohexyl)-ethyl) 2,3-difluoroben-
zonitrile
4-(2-(trans-4—heptoxycyclohexyl)-ethyl) 2,3-
difluorobenzonitrile
4-(2-(trans-4-octoxycyclohexyl)-ethyl)-2,3-difluoroben-
zonitrile -

10

15

Example 4 20

Preparation of
4-alkyl-2,3'-difluoro-4’-cyanobiphenylene.

0.1 mol of chlorotriisopropyl orthotitanate in 20 ml of
tetrahydrofuran is added at 5° C. to a mixture of 1-
bromomagnesium-4-propylbenzene (prepared from 0.1
mol of 4-propyl-bromobenzene and 0.1 mol of magne-
sium) and 90 mi of tetrahydrofuran and the mixture is
stirred at 5° to 20° C. for 30 minutes. A mixture of 1.3 g
of bis-(triphenylphosphine)-nickel(II) chloride and 0.1
mol of 4-bromo-2,3-difluorobenzonitrile (prepared from
1-trimethylsilyl-2,3-difluorobenzene by conversion into
the nitrile analogously to Example 1a) 1¢) and subse-
quent bromination with bromine with removal by distil-
lation of the resulting trimethylsilyl bromide) 1s added
to this mixture. Stirring for 24 hours at room tempera-
ture and customary working up gives 4-propyl-2',3’-
difluoro-4'-cyanobiphenyl. |

‘The following are prepared analogously:
4-ethyl-2',3'-difluoro-4’-cyanobiphenyl
4-butyl-2',3'-difluoro-4'-cyanobiphenyl
4-pentyl-2',3'-difluoro-4’-cyanobiphenyl
4-hexyl-2',3'-difluoro-4'-cyanobiphenyl
4-heptyl-2',3'-difluoro-4'-cyanobiphenyl
4-octyi-2',3'-difluoro-4'-cyanobiphenyl
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Example A

A nematic hquid crystal mixture is prepared which is

composed of

15% of 2,3-difluoro-4-(trans-4-propylcyclohexylethyl)-
benzonitrile,

15% of 2,3-difluoro-4-(trans-4-butylcyclchexylethyl)-
benzonitrile,

10% of 2,3-difluoro-4-(trans-4-pentylcyclohexylethyl)-
benzonitrile,

9% of trans-4-propylcyciochexyl
clohexanecarboxylate,

9% of trans-4-pentylcyclohexyl
clohexanecarboxylate,

6% of p-propylphenyl trans-4-(trans-4-propylcyclohex-
ylcyclohexane-carboxylate,

6% of p-pentylpheny! trans-4-(trans-4-propylcyclohex-
yl)cyclohexane-carboxylate,

6% of p-pentylphenyl trans-4-(trans-4-butyicyclohex-
yDcyclohexane-carboxylate, |

6% of p-propylphenyl trans-4-(trans-4-butylcyclohex-
yl)cyclohexane-carboxyilate,

30

35

trans-4-propylcy-

trans-4-propylcy-
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6% of p-trans-4-propylcyclohexylphenyl trans-4-butyl-
cyclohexane-carboxylate,

6% of p- trans-4—pr0pylcyclohexy]pheny] trans-4-pen-
tylcyclohexane-carboxylate,

3%  of 4,4'-bis-(trans-4-propylcyclohexyl)-2-
fluorobiphenyl and

3% of 4-(trans-4-pentylcyclohexyl)-4'-(trans-4-propyl-
cyclohexyl)-2-fluorobiphenyl.

Example B

A nematic liquid crystal mixture is prepared which 1s

composed of

15% of p-trans-4-propylcyclohexyl-benzonitrile,

8% of 4-ethyl-2’,3'-difluoro-4'-cyanobiphenyl,

7% of 4-propyl-2',3'-difluoro-4'-cyanobiphenyl,

8% of 4-butyl-2',3'-difluoro-4'-cyanobiphenyl,

5% of p-methoxyphenyl trans-4-propylcyclohexanecar-
boxylate, |

4% of p-ethoxyphenyl trans-4-propylcyclohexanecar-
boxylate,

3% of p-methoxyphenyl trans#butylcyclohexanecar
boxylate,

4% of p-ethoxyphenyl trans-4-butylcyclohexanecar-
boxylate,

4% of p-ethoxyphenyl trans-4-pentylcyclohexanecar-
boxylate,

4% of p-methoxyphenyl! trans-4-pentylcyclohexanecar-
boxylate,

6% of p-propylphenyl trans-4-(trans-4-propylcyclohex-
yl)-cyclohexanecarboxylate,

6% of p-pentylphenyl trans-4-(trans-4-pr0pylcyclohex—
yl)cyclohexanecarboxylate,

5% of p-pentylphenyl trans-4-(trans-4-butylcyclohex-
yl)-cyclohexanecarboxylate,

5% of p-propylphenyl trans-4-(trans-4-butylcyciohex-

yl)-cyclohexanecarboxylate,
8% of p-propylphenylp-trans-4-propylcyclohexylben-
-zoate and
6% of p-propylphenylp-trans-4-pentylcyclohexylben-
zoate.
The preceding examples can be repeated with similar
success by substituting the generically or specifically

‘described reactants and/or operating conditions of this

invention for those used in the preceding examples.

From the foregoing description, one skilled in the art
can easily ascertain the essential characteristics of this
invention, and without departing from the spirit and
scope thereof, can make various changes and modifica-
tions of the invention to adapt it to various usages and
conditions.

What is clalmcd iS:

1. In a liquid crystalline phase containing at least two

liquid crystalline components, the improvement
wherein at least one component is a 2,3-difluoroben-
zonitrile of the formula

CN

wherein
R is alkyl of 1-12 C atoms or alkyl of 1-12 C atoms in

which one or two CH; groups ar replaced by
—0—, —CO—, —0—CO—, and/or —CH—-
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where two O atoms are not directly linked with

one another, and
A 1s |

CH>CHy*~.

2. A hquid crystalline phase of claim 1, wherein R is
alkyl or alkoxy.

3. A liquid crystalline phase of claim 2, wherein R is
straight chained. -

4. A hquid crystalline phase of claim 3, wherein R is
3-7 C atoms. .

>. A liquid crystalline phase of claim 1, wherein R is
alkyl wherein one CH; group is replaced by —O—-
CO—.

6. A liquid crystalline phase of claim 1, wherein A is

7. In a liquid crystal display element containing a
hquid crystalline phase, the improvement wherein said
phase is one of claim 1.

8. In an electrooptical display element containing a
liquid crystalline dielectric, this improvement wherein
said dielectric is a liquid crystalline phase of claim 1.

9. A liquid crystalline phase according to claim 1,
wherein A is

or

CH;CHy—.

P Q

10. A liquid crystalline phase according to claim 1,
wherein A is

Q

11. A liquid crystalline phase according to claim 1,
wherein A is

CH,CH,.

>

12. In a hquid crystalline phase containing at least
two liquid crystalline components, the improvement
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wherein at least one component is a 2,3-difluoroben-
zonitrile of the formula

R—A CN
F F
wherein

R 1s alkyl of 1-12 C atoms or alkyl of 1-12 C atoms in
which one or two CH; groups are replaced by
—0—, —CO—, —O0—CO—, and/or —CH—
CH—, wherein two O atoms are not directly linked
with one another, and

A is

CH;CH; , OF

13. A liquid crystalline phase according to claim 12,
wherein A is

CH,0

14. A liquid crystalline phase according to claim 12,
wherein A is

CH,CH>

15. A hquid crystalline phase according to claim 12,
wherein A is

16. A hquid crystalline phase according to claim 12,
wherein R is alkyl or alkoxy.

17. A hquid crystalline phase according to claim 12,
wherein R is straight chained. |

18. A liquid crystalline phase according to claim 12,
wherein R is 3-7 C atoms.

19. A liquid crystalline phase according to claim 12,
wherein R one CHj group is replaced by —O—CO—.

20. In a hiquid crystal display element containing a
hquid crystalline phase, the improvement wherein said
phase is one of claim 12.

21. In an electrooptical display element containing a

liquid crystalline dielectric, this improvement wherein

said dielectric is a liquid crystalline phase of claim 12.
* X x % %
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